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1682-606X/Copyright ª 2015, TaiwanSummary A 56-year-old female patient experienced mild back pain, which radiated to her
legs, as well as intermittent claudication for 5 years. The symptoms became more pronounced
on sitting and walking, and conservative therapy was ineffective in relieving pain. Preoperative
whole-spine X-ray scans revealed degenerative lumbar kyphoscoliosis. Asymmetrical pedicle
subtraction osteotomy was performed and a convex-sided posterolateral wedge osteotomy
was applied to correct the scoliosis and restore sagittal balance. Pre- and postoperative
sagittal balance was measured using a C7 plumb line for both scans, and the difference was
calculated. Lumbar scoliosis was measured using the Cobb angle. The degree of correction
required to restore sagittal alignment was 25, which was determined on the basis of the
full-balance-integrated technique. The operative time and blood loss were 365 minutes and
1620 mL, respectively. Postoperatively, the lumbar scoliosis decreased from 10.2 to 2.0,
and the sagittal vertical axis decreased from 7.6 cm to 3.3 cm. The visual analog scale and Os-
westry disability index scores indicated that the patient was relieved of the symptoms after
the surgery. No complications were observed during the follow-up period.
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Asymmetrical pedicle subtraction osteotomy 1111. IntroductionDegenerative sagittal imbalance is either flexible or fixed.1
An anterior release and posterior instrumentation can be
used to correct the deformity of patients with flexible
degenerative sagittal imbalance, whereas pedicle subtrac-
tion osteotomy (PSO), commonly applied for treatingFigure 1 Anteroposterior view of the whole spine revealing a
lumbar scoliosis of 10.2 calculated using Cobb angles between
the upper end plate of L1 (yellow line) and the lower end plate
of L5 (yellow line).ankylosing spondylitis,2,3 iatrogenic flat-back deformity,4
and posttraumatic kyphosis,5,6 is used for correcting the
sagittal alignment of patients with fixed degenerative
sagittal imbalance.
PSO is theoretically performed on L4, which is always
the apex of lumbar lordosis, in a normal population.7
However, most spine surgeons prefer L3 as the osteotomy
site, because wedge resection is easier to perform on L3Figure 2 Lateral view of the whole spine revealing the C7
plumb line (red line) falling 7.6 cm (yellow line) anterior to the
posterosuperior corner of the S1 plateau.
112 H.-T. Hsu et al.than on L4. The procedure involves resecting the vertebral
wedge from the spine, widening from the anterior cortex of
the vertebral body through the pedicles and toward the
posterior elements of the spine.8
The degree of correction should be measured preoper-
atively to avoid inadequate sagittal-balance restoration
after osteotomy. Among the various methods9e12 used for
calculating the degree of correction, the full-balance-
integrated (FBI) technique9 is relatively simple and effec-
tive. In this technique, the projected C7 plumb line falling
on the S1 plateau is evaluated preoperatively to determine
the degree of correction.
Sagittal imbalance is sometimes accompanied with cor-
onal imbalance. For the concurrent restoration of sagittal
balance and correction of coronal imbalance, an asym-
metrical PSO can be used.8 Coronal imbalance can be cor-
rected during wedge closure through the removal of a large
portion of the wedge-shaped bone on the convex side and a
small portion of the vertebral body on the concave side.
2. Case report
The patient was a 56-year-old female who experienced
mild back pain, which radiated to her legs, as well as
intermittent claudication for 5 years. The symptoms
became more pronounced on sitting and walking, and
conservative therapy was ineffective in relieving pain.
Preoperative whole-spine X-ray scans revealed lumbar
kyphoscoliosis (Cobb angle: 10.2) and positive sagittal
balance [sagittal vertical axis (SVA): 7.6 cm] (Figs. 1 and 2).
A magnetic resonance imaging scan of the lumbar spine
revealed hypertrophy of the facet joints and the liga-
mentum flavum, as well as disk herniations at L3eL4 and
L4eL5 (Fig. 3). Asymmetrical PSO was performed and
convex-sided posterolateral wedge osteotomy was applied
to correct the kyphoscoliosis and to restore sagittal
balance.
Before performing the asymmetrical PSO, the angle for
correcting lumbar kyphosis was calculated according to the
FBI technique.9
First, a new projected C7 plumb line should pass through
the S1 plateau. A 15 angle (angle of C7 translation) was
obtained by measuring the angle between a line connecting
the center of L4 with the center of C7, and another line
connecting the center of L4 with a projected C7 plumb line
that fell vertically on the S1 plateau. Second, the angle ofFigure 3 (A) Sagittal view of a magnetic resonance imaging (MR
arrows) and ligamentum flavum hypertrophy (red arrows) at L3eL4
revealing hypertrophy of the ligamentum flavum and facet joints (
lumbar spine exhibiting hypertrophy of the ligamentum flavum andfemur obliquity was calculated to be 5 by measuring the
inclination of the femoral axis to the vertical. Third, the
pelvic-tilt compensation angle was 5 because the patient’s
pelvic tilt was 23.5 (between 15 and 25) (Fig. 4). Hence,
the summation of the correction angle was 25, which lies
within the range of the degree of correction provided by
the PSO.
Before osteotomy was performed, pedicle screws were
placed cephalad and caudad to L3 to stabilize the spine
during the procedure. The spinous process and lamina of L3
were removed. Osteotomy was performed circum-
ferentially by including the lateral walls of the vertebral
body without breaching its ventral side. The bone was
removed using an osteotome and a curette, while safe-
guarding the nerve roots and thecal sac with a protector. By
resecting a large wedge-shaped bone on the convex side
and a small portion on the concave side with the remaining
vertebral body being equivalent on both sides, the correc-
tion of the coronal plane was attained during the closure of
the bony defect. The osteotomy site was closed by hyper-
extending the chest and legs with the operating table.
When rods were being positioned and locked, the thecal sac
and roots were carefully inspected to exclude any
impingement. Intraoperative neuromonitoring was per-
formed to avoid neurological complications during the
corrective procedure.
The operative time and blood loss were 365 minutes and
1620 mL, respectively. One month postoperatively, the
lumbar scoliosis decreased from 10.2 to 2.0, and the SVA
decreased from 7.6 cm to 3.3 cm (Figs. 5 and 6). During the
follow-up period at 3 months, 6 months, and 2 years post-
operatively, the patient’s back pain improved, and the
scores decreased from 7 to 4, 2, 2 on the visual analog
scale, and from 22 to 18, 14, and 14 on the Oswestry
disability index, respectively. No postoperative complica-
tions were observed during the 2-year follow-up period.
3. Discussion
The surgical outcomes of our patient who underwent
asymmetric PSO were satisfactory according to the visual
analog scale and Oswestry disability index scores. Regarding
kyphoscoliosis correction, the coronal plane improved
considerably and the sagittal balance was restored to
normal. Using the FBI technique, we accurately evaluated
the degree of correction, and determined the most suitableI) scan of the lumbar spine revealing disk herniations (yellow
and L4eL5; (B) axial view of the MRI scan of the lumbar spine
yellow arrows) at L3eL4; (C) axial view of the MRI scan of the
facet joints (yellow arrows) at L4eL5.
Figure 4 Angle of C7 translation (black curved arrow) is
obtained by measuring the angle between a line connecting the
center of L4 with the center of C7, and another line connecting
the center of L4 with a projected C7 plumb line that falls
vertically on the S1 plateau; angle of femur obliquity (red
curved arrow) is obtained by calculating the inclination of the
femoral axis to the vertical; the pelvic tilt is indicated by a
yellow curved arrow; the green, yellow, red, and black oval
dots refer to the center of C7, the center of L4, the center of
the femoral head, and the center of the knee, respectively;
the straight yellow and red lines represent the S1 plateau and
the projected C7 plumb line, respectively.
Figure 5 Anteroposterior view of the whole spine revealing a
lumbar scoliosis of 2.0 calculated using Cobb angles between
the upper end plate of L1 (yellow line) and the lower end plate
of L5 (yellow line).
Asymmetrical pedicle subtraction osteotomy 113osteotomy procedure for treating the patient. Additionally,
no complications were observed during the follow-up, and
the patient was satisfied with the treatment and expressed
no reluctance in repeating the procedure.
Degenerative lumbar sagittal imbalance is more common
in Asian countries than in Western countries, probably
because most Asian people assume a squatting position
while performing sedentary work. It occurs in middle-aged
and elderly people because of reduced disk space, osteo-
porotic vertebral compression fracture, and atrophy of the
lumbar extensor muscles.1 Degenerative sagittal imbalance
Figure 6 Lateral view of the whole-spine film showing the C7
plumb line (red line) falling 3.3 cm (yellow line) anterior to the
posterosuperior corner of the S1 plateau.
114 H.-T. Hsu et al.is flexible at the early stages; however, it becomes fixed
over a long period, prohibiting patients from standing up-
right. Occasionally, patients sustain lumbar kyphoscoliosis,
whereas sagittal imbalance is accompanied with coronal
imbalance.
According to Bridwell,8 sagittal imbalance can be
classified into two types. Type I is a segmental problem, in
which the patient is able to maintain sagittal balance by
hyperextending segments above and below, allowing the
C7 plumb line to fall over the sacrum on a standingsagittal radiograph. In type II, the patient cannot maintain
sagittal balance by hyperextending segments above and
below. Therefore, the patient has a stooped posture
because of the inability to stand upright, and the C7
plumb line is 6 cm or more in front of the posterosuperior
corner of the S1 end plate. For type II patients, an
osteotomy is necessary to correct the sagittal imbalance.
The choice of osteotomy depends on the degree of
correction required. The degree of correction per level is
approximately 10 for SmithePetersen osteotomy (SPO),8
approximately 25e35 for PSO,8 and approximately
40e60 for vertebral column resection (VCR).13 In our
case, PSO was adopted over SPO and transforaminal
lumbar interbody fusion for correcting sagittal imbalance
because the concurrent correction of the coronal imbal-
ance by using asymmetrical resection cannot be per-
formed using SPO, and transforaminal lumbar interbody
fusion cannot completely restore sagittal alignment for
fixed degenerative kyphoscoliosis.
Le Huec et al9 developed the FBI technique for calcu-
lating the degree of correction before performing osteot-
omy. This technique enables surgeons to determine the
type of osteotomy, such as SPO, PSO, or VCR, that is suit-
able for patients requiring small or large lordosis restora-
tion. Using this technique, the degree of correction was
measured to be approximately 25, and PSO was considered
more suitable for our case than multiple SPOs for simulta-
neously correcting kyphosis and scoliosis.
Bridwell8 described the two types of coronal imbalance.
In type I, the right shoulder is high with a low right pelvis. In
type II, the right shoulder is low with a low right pelvis.
Bridwell8 believed that type II coronal imbalance could be
corrected only by using VCR, whereas type I coronal
imbalance accompanied with type II sagittal imbalance
could be corrected using asymmetric PSO. In our case, the
patient sustained type I sagittal imbalance with a lumbar
scoliosis that was unassociated with type II coronal imbal-
ance. Therefore, an asymmetric PSO was adopted for
treating her kyphoscoliosis.
Toyone et al14 reported 14 cases of degenerative lumbar
kyphoscoliosis in patients whose ages were between 45 and
76 years (average age: 67 years) who had undergone
asymmetric PSO with a minimum follow-up period of 2
years. The average operative time was 310 minutes (range:
25e375 minutes), and the average blood loss was 1090 mL
(range: 700e2900 mL). The mean lumbar scoliosis
decreased from 40 to 12, and the mean SVA decreased
from 12 cm to 3 cm. There were four complications: one
dural tear, two hook dislodgments at the cephalad side
requiring instrument revision, and one rod breakage
requiring no instrument revision. However, the degree of
correction required was not mentioned for these 14 cases,
and the method for measuring the required restoration
preoperatively was not specified.
PSO is a technically challenging technique that is
potentially catastrophic for inexperienced surgeons. “First,
do no harm” is the principle followed while performing a
difficult technique on patients. Before attempting an
asymmetrical PSO on patients with lumbar kyphoscoliosis,
surgeons should familiarize themselves with the procedure
by attending associated conferences and by practicing the
technique on cadavers.
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